indicated that folic acid was synthesized during germination of pea seeds. Previous report (5) from this labora tory has shown that the Pediococcus cerevisiae-active substances (the citrovorum factor) were increased considerably in pea seedlings during the germination, and suggested that folate compounds in plants were synthesized in a labile form of folate coenzymes, such as 5, 10-methylidynetetrahydrofoiic acid and 10-formyltetra hydrof olio acid.
The enzymatic conversion of synthetic 2-amino-4-hydroxy-6-hydroxymethyldihy dropteridine to folate compounds in the presence of p-aminobenzoic acid or p aminobenzoylglutamic acid has been shown by Jaenicke and Chan (6), Shiota and Disraely (7) and Brown et al. (3) in cell-free extracts of several different bacteria. Jaenicke and Chan (6) first postulated that the pyrophosphate ester of the dihy dropteridine might be an active intermediate in the reaction.
Subsequently, Shiota et al. (9) prepared 2-amino-4-hydroxy-6-pyrophosphorylmethyldihydropteridine che mically, and indicated that this compound was utilized much effectively for the coupling with PABA or PABG to yield dihydropteroic acid or dihydrofolic acid, respectively.
In plants, Mitsuda et al. (10) reported recently that extracts of spinach leaves contained an enzyme system which catalyzed the conversion of 2-amino-4-hydroxy -6-substituted pteridines and either PABA or PABG to folate compounds in the presence of ATP and Mg2+, and that 2-amino-4-hydroxy-6-hydroxymethyldihydro pteridine was utilized more effectively as the pteridine donor than its tetrahydro form and other 6-substituted tetrahydropteridines tested for the folate synthesis by the extracts.
The present paper reports the biosynthesis of folate compounds from 2-amino -4-hydroxy-6-hydroxymethyldihydropteridine or its pyrophosphate ester with either PABA or PABG by cell-free extracts of pea seedlings. hydroxymethyldihydropteridine and its pyrophosphate ester (2-amino-4-hydroxy-6 -pyrophosphorylmethyldihydropteridine)
were utilized as donor of pteridine moiety of folate compounds.
Particularly, it was noted that the latter compound was much more effective as substrate than the former compound for the enzymatic synthesis, and that no enzymatic formation was observed from the oxidized form of any pteridine compound tested including pyrophosphorylmethylpteridine, even in the presence of NADH2 as a hydrogen donor. When hydroxymethyldihydropteridine was used as substrate, PABA or PABG, ATP and Mg2+ were essential components for the formation of folate compounds (Table 2) . On the, other hand, a much more amount of folate compounds was formed from pyrophosphorylmethyldihydropteridine and PABA, even in the absence of ATP (Table 3 ). In the enzymatic synthesis of folate compounds from pyrophos phorylmethyldihydropteridine, only Mg2+ was an essential cofactor and the addition of NADH2 had no effect.
Comparison of Mono and Pyro-phosphorylmethyldihydropteridines as Substrate
The effectiveness of mono and pyro-phosphorylmethyldihydropteridines as substrate was tested for the coupling reaction with PABA or PABG. The results are shown in Table 4 . Monophosphorylmethyldihydropteridine was not utilized as substrate for the folate synthesis, even if ATP, ADP or AMP was added. The formation of folate compounds from pyrophosphorylmethyldihydropteridine was not stimulated by the addition of ATP, ADP or AMP. These results suggested that monophosphorylmethyldihydropteridine was not participated as an intezrrediate in the coupling reaction, and that pyrophosphorylmethyldihydrepteridine would be a direct precursor of pteridine moiety in the biosynthesis of folate compounds in pea seedlings.
The similar observation was reported by Shiota et al. (18) with bacterial extracts.
Reaction Products
The confirmation of the reaction products from pyrophosphorylmethyldihydro pteridine and PABA or PABG was performed by a bioautoraphic procedure with S. faecalis R as a test microorganism (Fig. 1) . These results indicate: (a) dihydropteroic acid was formed from pyrophos phorylmethyldihydropteridine and PABA in the presence of Mg2+, (b) dihydrofolic acid was produced mainly when PABG was used as substrate in place of PABA in the enzymatic reaction, and (c) both dihydropteroic acid and dihydrof olie acid were formed from pyrophosphorylmethyldihydropteridine, PABA and L-glutamic acid in the presence of ATP and Mg2+. Dihydropteroic acid and pteroic acid could not be distinguished in the behaviors on the paper chromatography by the solvent system used, as shown in Fig. 1, but be dihydropteroic acid from the following indirect evidences: (a) only dihydro derivative of the pteridine, but not the oxidized form, was utilized as substrate in the reaction under anaerobic conditions, and (b) folate compound formed from PABG, or from PABA and L-glutamic acid in the presence of pyrophosphoryl methyldihydropteridine was dihydrofolic acid. 5. Comparison of PABA and PABG as Substrate
As described above, either PABA or PABG was utilized as substrate in the f plate synthesis (see Tables 2, 3 and 4) . The similar results were reported by Shiota (19) with the enzyme system from Lactobacillus plantarum, and by Brown et al. (8) with the Escherichia coli system. Brown et al. (8) have shown that PABA was several times more active as substrate than PABG under the experi mental conditions in which hydroxymethyldihydropteridine was used as a pteridine precursor. Therefore, the effectiveness of PABA and PABG as substrate for the folate synthesis by the extracts of pea seedlings was compared with the use of pyrophosphorylmethyldihydropteridine as the pteridine precursor (Fig. 2) . The results indicated that PABA was utilized much more effectively than PABG . It was estimated from the apparent Km values that the effectiveness of PABA as sub strate was about ten times more active than that of PABG under the experimental conditions. 
DISCUSSION
The results presented in this paper indicate that the initial step in the bio synthesis of folate compounds, i.e., the conjugated pteridines with the folic acid activity, from unconjugated pteridine, which has no folic acid activity, in plants is the coupling reaction of 2-amino-4-hydroxy-6-pyrophosphorylmethyldihydropteridine and PABA to produce dihydropteroic acid in the presence of magnesium ion . Subsequently, the dihydropteroic acid formed combines with L-glutamic acid to yield dihydrof olic acid in the presence of ATP and magnesium ion6, as shown in Pig. 3. The facts that ATP and Mg2+ were required for the folate synthesis from 2-amino-4-hydroxy-6-hydroxymethyldihydropteridine, and that pyrophosphorylmethyl dihydropteridine was the most active substrate even in the absence of ATP , will suggest that hydroxymethyldihydropteridine may possibly be utilized after the pyro phosphorylation in the presence of ATP and Mg2+. Shiota et al. (18) presumed the possible existence of 2-amino-4-hydroxy-6-hydroxymethyldihydropteridine pyro phosphokinase in cell-free extracts of L. plantarum, and Mitsuda et al. (10) also inferred the existence of the enzyme in cell-free extracts of spinach leaves , But, the natural occurrence of this enzyme would be a problem remaining in further investigations.
The finding of the enzyme system for the synthesis of folate compounds in plants will be very significant, because almost all of the cell-free enzyme systems have been extracted from bacterial cells, and only a little has been investigated on the folate biosynthesis in vitro in plants. The first report concerned with the biosynthesis of folate compounds in cell-free extracts was presented by Katunuma et al. (20) . Their results indicated that the cell-free extracts of Mycobacterium avium was able to catalyze the formation of PABG from PABG and L-glutamic acid in the presence of ATP and coenzyme A, prior to the subsequent conversion of PABG to folic acid in the presence of either xanthopterin (2-amino-4, 6-dihydrox ypteridine) or carboxypteridine. It has, however, been demonstrated in several bacterial extracts that the biosynthesis of folate compounds proceeds by the forma tion of dihydropteroate rather than that of PABG. The similar proposal on the biosynthetic pathway of folate compounds in plants has been made by Mitsuda et al. (10) from the results with cell-free extracts of spinach leaves. In the ex periments, however, they used hydroxymethyldihydropteridine as substrate, but not the pyroprosphate ester which would be a direct substrate, and so the properties of the dihydropteroate-forming enzyme reported by them would have to be re examined.
Some properties of this enzyme prepared from pea seedlings will be presented in the following paper of this series.
